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INI'RODUCT ION 
The Frankl in-Ster l ing H i l l  d i s t r i c t  i n  New Je r sey  has 
long been noted f o r  its unique mineralogy and minable 
concentrat ions of z inc ,  i r o n ,  and manganese, I n  recent  
years  t h e  ~ e z i l o v o  d i s t r i c t  i n  southern Yugoslavia has come 
under some s c r u t i n y  a s  possibly being a deposi t  of s i m i l a r  
o r i g i n  and composition, T , i t t l e  work seems t o  have been 
done i n  the  ~ e z i l o v o  a r e a ,  From o p t i c a l  and X-ray examination 
o f  severa l  rock specimens co l l ec ted  from t h i s  l o c a l e ,  t h e  
bas ic  mineralogy and poss ib le  r e l a t i o n s h i p  t o  Frank1 i n  
w i l l  be discussed. 
FRANKLIN SUMMARY 
The Frankl in-Ster l ing H i l l  a r e a  l i e s  about 50 km west 
of  New York Ci ty  jus t  on t h e  western boundary o f  t h e  New 
sersey  3igh1-ands and is  bounded by 74'30' and 74O45* long- 
i tude  and 41' and 41°15* north l a t i t u d e  l i n e s ,  
The depos i t s  of t h i s  a rea  first came t o  a t t e n t i o n  i n  
1640 s h o r t l y  a f t e r  t h e  establishment of New Amsterdam, 
T.,ittle was done i n  the  a rea  u n t i l  1848 when t h e  Sussex 
Zinc and Copper Mining and Manufacturing Company was crea ted  
w i t h  t h e  purpose o f  exp lo i t ing  these  depos i t s ,  I n  1897 
a f t e r  much l i t i g a t i o n  over  c o n f l i c t i n g  t i t l e s ,  t h i s  company 
and severa l  o t h e r s  uni ted  t o  form t h e  New Je r sey  Zinc Company 
which s t i l l  a c t i v e l y  mines t h i s  region. 
In  1954 t h e  Frankl in mine was completely worked out .  
It is  estimated t h a t  22-23 mi l l ion  tons  o f  o r e  were recovered 
from t h e  Franklin mine over i t s  years  of  production. r h i s  
o r e  averaged 19.4 percent Zn, 8.7 percent Mn, and 17 percent 
Fe. (Frondel,  1974, p, 157.) The nearby S t e r l i n g  H i l l  
mine began production s h o r t l y  a f t e r  1912 and is s t i l l  a 
source of  h i ~ h  grade zinc ore .  I n  1973 alone,  New Je r sey  
records having produced 33,027 shor t  tons  of  z inc w i t h  S t e r l i n g  
H i l l  being undoubtedly a  major supp l i e r ,  ( ~ i n e r a l s  Yearbook, 
Pa 1 3 2 9 . )  
The most widely accepted theory o f  o r i g i n  of  t h e  
Frankl in depos i t s  is  t h a t  of  Saum and Frondel (1974). Some 
o f  the  o r i g i n a l  sediments were te r r igenous ly  derived and 
deposited i n  a marine environment. These a r e  now analogous 
i n  many respec t s  t o  metamorphosed sedimentary manganese 
depos i t s  found elsewhere. Evidence shows t h a t  o t h e r  c o n s t i t -  
uents  were probably chemical sediments formed by submarine 
hot spr ings .  A l l  of  these  sediments were deposited contem- 
poraneously w i t h  a l a y e r  of  limestone. During a  period of  
high-grade regional metamorphism i n  t h e  ~ rezcambr ian  these  
l a y e r s  were r e c r y s t a l l i z e d ,  folded and fau l t ed ,  During 
t h e  l a t e  prencambrian t h e  region was subjected t o  e ros ion  
. /' 
and was then l a t e r  o v e r l a i n  by a s e r i e s  of  Paleozoic sediments; 
t h e  Cambrian Hardyston conglomerate and t h e  Ordovician 
~ i t t a t i n n y  limestone. I n  t h e  Paleozoic,  t h e  a rea  was 
fau l t ed  and some minor fo ld ing  occurred. T h i s  was followed 
by t h e  i n t r u s i o n  of l o w - s i l i c a  igneous d i k e s  in the Triassic.  











Km It? [ostly dolornit- 
m part shaky or sandy 
Hardyston Con~lomerate and quarttire 30 tt + 
Pochmk h i s  Scrits Inttrla)crcd h e l c n d e  h 1,O 
Kncrrv, m~cmcl~nc gnems. , 
locally r ~ t h  yarncr or 
Fiphite, also Imnl 
lllldrllltC 
Cuamly c r p t a  
Similar to Pmh 
1 +1141YIF Cmruly cry*ra 
Itrally dotom 
hiefly b i t e  
r a b m  
~mtlar to Pwh 
it~truded hy I 
hrrrnldrnde UI 
Cambrian 




l i t "  
h t a  imm Hague et 21. (t956), R n k ~  
The ~rarsklin and Sterling ore bodies  both d i p  about 55' 
to t h e  s o u t h e a s t .  
A t  Franklin t h e  ore body assumes the shape of a synclinal 
f o l d  w i t h  unequal axes. The fold strikes northwest and 
plunges 25' southeast.  The w e s t  limb o f  t h e  syncline has  
the longest exposure, 8 km, It varies in thickness from 
4.5 m to 27 m ,  generally thickening toward the k e e l .  The 
eastern l imb has  t h e  s h o r t e r  exposure of 183 rn giving the 
o u t c r o p  a hook-shaped appearance, 
The ores lie in t h e  Franklin limestone w i t h i n  a few 
meters of the eastward-dipping contact between the Franklin 
limestone and t h e  adjacent gneisses on the west .  (See F i f ~ u r e  
11 1 
A t  S t e r l i n g  the eas t  limb of t h e  f o l d  is longest, 
paratlels t h e  w e s t ,  and is overturned, Again contained in 
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t h e  Frankl in l imestone, t h e  o re  is loca ted  1 2 2  t o  244 m 
from t h e  contact  between t h e  l imestone and adjacent  gneisses ,  
'The o r e  body extends t o  a  depth of  752 m ,  
'The two o r e  bodies a r e  p resen t ly  separated by 5 km, 
but were from a l l  i n d i c a t i o n ~ a t  one time continuous, 
The i n t e r n a l  s t r u c t u r e  o f  t h e  o r e  bodies i s  q u i t e  
complex, It c o n s i s t s  o f  l e n s l i k e  o r  t a b u l a r  l a y e r s  of  o r e  
and scarn  ranging from a  few meters to  9.1 meters i n  th ick -  
ness ,  Some o f  t h e  th inner  scarn  bodies show boudinage 
s t r u c t u r e .  Small i n t r u s i v e  bodies of  pegmatite may a l s o  
be seen i r r e g u l a r l y  in terspersed  throughout t h e  o r e  bodies,  
(See Map 1 ,  ) 
The o r e  bodies d i sp lay  prominent f a u l t i n g  and jo in t ing  
w i t h  t h e  p r i n c i p l e  jo in t ing  d i r e c t i o n  being N 30'~.  rhe 
j o i n t s  o f t e n  conta in  a  v a r i e t y  of  low-temperature hydro- 
thermal minerals  including Mn and Zn minerals a s  well a s  
c a l c i t e  and serpent ine ,  
I n  general  t h e  o r e  i s  too t h i n l y  layered t o  be separa te ly  
and s e l e c t i v e l y  mined except a t  one unique l o c a t i o n  i n  t h e  
S t e r l i n g  o re  body where a  c ross  ve in  cu t s  between t h e  two 
l imbs  of  t h e  f o l d ,  Here a vein o f  high grade black wil lemite  
occurs,  
The l i s t  o f  minerals found i n  t h e  Frankl in-Ster l ing H i l l  
depos i t s  follows i n  Table 2,  The main o r e  c o n s i s t s  of 
40 percent f r a n k l i n i t e ,  (Zn, F e , ~ n ) 0 '  ( ~ e , ~ n )  0 i 23 percent 
2  3  
wi l lemi te ,  2ZnO0SiO2; and l e s s  than  1 percent z i n c i t e ,  ZnO, 
?he remainder i s  a  gangue of s i l i c a t e s  and carbonates ,  
the Frankl 
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hi and P 
I n  t h e  minera logy ,  ~ e + ~  and n + '  predominate .  
SITMMARY 0 F IL'EZ IT60 VO 
The v i l l a g e  o f  Nezi lovo l i e s  i n  t h e  s o u t h e r n  p o l i t i c a l  
p r o v i n c e  o f  Yugoslavia  known as t h e  P e o p l e s *  Repub l i c  o f  
Yacedonia.  T h i s  is 38 km southward o f  t h e  Kacedonian 
c a p i t a l  Skop je ,  (See  Map 2. ) A g e o l o g i c  f o r m a t i o n  e x i s t s  
h e r e  which is b e l i e v e d  t o  be similar i n  o r i g i n  and pe rhaps  in 
mine ra logy  t o  t h e  F r a n k l i n  a r e a .  If similar d e p o s i t s  shou ld  
be found i n  t h i s  a r e a  it would undoubtedly  be  a boon t o  
Y u g o s l a v i a ' s  a v a i l a b l e  n a t u r a l  r e s o u r c e s  and economy. L i t t l e  
i n f o r m a t i o n  was a v a i l a b l e  c o n c e r n i n g  t h i s  r e g i o n ,  D i f f e r e n t  
s o u r c e s  i n  Yugoslavia  were a sked  f o r  a d d i t i o n a l  i n f o r m a t i o n ,  
b u t  as y e t  none have responded,  From t h e  g e n e r a l  s t r u c t u r e  
map of  ~ u g o s l a v i a  t h e  d e p o s i t  would seem t o  be  l o c a t e d  i n  a n  
a n t i c l i n a l  f o l d  p l u n g i n g  nor th-nor thwestward ,  ( S e e  Map 3. ) 
?he  a r e a  seems t o  be  i n t e n s e l y  f o l d e d ,  f a u l t e d  and meta- 
morphosed, T h i s  would c e r t a i n l y  seem t o  be  a l i k e l y  c a n d i -  
d a t e  f o r  m i n e r a l i z a t i o n ,  It i s  presumed t h a t  no min ing  is 
c u r r e n t l y  t a k i n g  p l a c e  i n  t h e  a r e a .  
>?ETHODS OF APPROACH 
For  t h i s  r e s e a r c h ,  s i x  hand specimens were o b t a i n e d  
from D r .  E r n e s t  E h l e r s  who c o l l e c t e d  t h e s e  specimens on a 
t r i p  t o  Yugoslavia .  The specimens were c o l l e c t e d  
w i t h i n  12 m o f  each  o t h e r ,  




separated.  Nonopaque minerals  were then crushed t o  between 
100 and 200 mesh s i z e  and analysed o p t i c a l l y ,  Opaque and 
semi-opaque minerals were crushed t o  l e s s  than  325  mesh and 
were analysed by X-ray powder d i f f r a c t i o n  method, (See 
Table 3. ) The X-ray machine was equipped w i t h  a  copper 
tube  w i t h  n ickel  sh ie ld ing .  The machine was s e t  on a  
coarse adjustment o f  1500 v o l t s  i n  t h e  high vol tage  s e l e c t o r  
and on 35 k i l o v o l t s  and 15 milliamps f o r  t h e  power generat ion,  
The crushed mate r i a l  was moistened w i t h  a  water and Duco 
Cement s o l u t i o n  t o  a f i x  it t o  t h e  s l i d e  f o r  ana lys i s ,  
s a r i c  (1960) r e p o r t s  t h e  presence and c h a r a c t e r i s t i c s  
of  gahni te ,  piedmontite,  and r u t i l e  from t h i s  loca le .  
I n  t h i s  i n v e s t i g a t i o n  t h e  following minerals were 
i s o l a t e d ;  a l b i t e ,  Na20bAI. 0  u 6 ~ i ~ 2 ~  a l u r g i t e ,  K2~gA14Si?022{0~)2; 2 3 
b a r i t e ,  iaS04; b i o t i t e ,  K2(Fe,Mn.Mg)4(Al,Fe)4Si60220H2r 
dolomite,  CaO~Mg0-2C0~; epidote ,  4 C a 0 * ' j ( ~ l , ~ e ) ~ O ~ ;  gahni te ,  
(Zn,Mn)O A l  0 ; hemati te ,  Fe 0  r magnetite,  Fe 0  i micro- 2 3 2 3 3 4  
c l i n e ,  K20*A1 0  r6sio2;  muscovite, (Na,K)2A16Si6022(0~)4; 2 3 
piedmontite,  &a0 3(Al,  Fe ,Mr1)~0~*  6 S i 0 2 - ~ 2 0 ;  quar t z ,  SiOZ;  
r u t i l e ,  :i02; and t a l c ,  Jh'IgO 4s io2  H20. (See Table 4 . )  
CONCLUSIONS 
A l l  of t h e  minerals  found i n  t h i s  i n v e s t i g a t i o n  from t h e  
Vezi?.ovo a r e a  have been found a t  Frankl in w i t h  t h e  exception 
of  piedmontite and a l u r g i t e .  More a t t e n t i o n  should be paid 
t o  t h e  minerals  t h a t  were not p resen t ,  p a r t i c u l a r l y  t h e  o r e  
minerals  which occur a t  Frankl in;  f r a n k l i n i t e ,  wi l lemi te ,  and 
z i n c i t e .  


' a r ic  (1960) l i s ts  Nezilova a s  a  lead-zinc depos i t .  
No lead  minerals and only one zinc mineral ,  gahni te ,  were 
found i n  t h i s  i nves t iga t ion ,  Due t o  t h e  l i m i t e d  amount 
o f  work previously done i n  t h e  a r e a  and t h e  u n a v a i l a b i l i t y  
a t  t h i s  time o f  more rock specimens t o  be analysed, it is 
impossible t o  t e l l  how c lose ly  these  depos i t s  a r e  r e l a t e d ,  
though such a r e l a t i o n s h i p  might c e r t a i n l y  be poss ib le ,  
A need f o r  f u r t h e r  i n v e s t i g a t i o n  is  indica ted  and might 
prove q u i t e  f r u i t f u l  . 
" a r i c ,  judevi t .  *'Piemontit,  Gahnit und Rut i l  aus dem Fun- 
dor t  de r  31ei- und Zinkerze b e i  dem Dorfe Nezilovo i n  
MazedonienSw 3 u l l e t i n  du Museum d e H i s t o i r e  Naturel le .  
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